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SOCKET Analysis S13 S2 Figure S1 . The distribution of amino acids within Case 1 (a), Case 2 (b), and Case 3 (c), which comprise 262, 261, and 490 helices respectively (left; bars colored by amino acid type) is broadly similar to the distribution across the entire database of 37,055 high affinity helices (right; gray bars).
Figure S2
. The distribution of hot spot residues in Case 1 (a), Case 2 (b), and Case 3 (c) helical dimers (bars colored by residue type) versus high affinity interface helices (gray bars) normalized to the overall frequency of the residue in those classes.
S4 Figure S3 . Average ΔΔG for hot spots in high affinity helix bundles (left; colored bars) compared to all helices with at least 6.0 R.E.U. total ΔΔG (right; grey bars). (Only one cysteine hot spot is present in the helix bundles.)
We employed this restricted set for our alpha helical baseline because on average higher affinity helices will have higher ΔΔG per hot spot residue.
S5 Figure S4 . Plot describing how well each Case of helical dimers (Case 1, light gray; Case 2, gray; Case 3, black) compares to coiled coil packing, as found by SOCKET analysis. "Coiled Coil" refers to the SOCKET coiled coil assignment; "One Interaction" to the identification of a single complementary knob-in-hole packing interaction; "Non-CC" to SOCKET failing to identify any canonical packing at all.
Figure S5
. Non-canonical packing at helix dimer interfaces. Key residues to helical dimer interaction affinity are depicted in stick. (a) The helices of the Case 1 helical dimer from 1,2-hydroquinol dehydrogenase have low affinity for each other and exhibit no energetically important aliphatic packing. (b) The Case 3 dimer governing allantoinase homodimerization is high-affinity but obtains that affinity predominantly from a hydrogen bonding network. PDB Codes: 1TMX, 3HM7. The Case 1 dimer ( Figure S5a ) contains a well-oriented Arg-Glu salt bridge, an Arg-Gln hydrogen bond, and a Gln-carbonyl hydrogen bond, as well as two interactions where aliphatic residues pack against nonpolar atoms of charged side chains (Leu against the beta carbon of an Arg and Val against the beta carbon of a His). The Case 3 dimer ( Figure S5b ) features an entirely charged and polar inner groove. Pairs of powerful Arg-Glu salt bridges secure both sides of the helix-helix interface, and secondary hydrogen bonding interactions from flanking Gln residues stabilize the Arg side chain conformations. 
Methods
The original protocol for creating the HippDB dataset has been described: Bioinformatics 2013, 29, 2806-2807. The updated protocol that generated the expanded dataset in use here is described in ACS Chem. Biol. 2014 Biol. , 9, 1747 . The biological assemblies corresponding to NMR and X-ray crystal structures are acquired from the PDB subject to a 95% sequence redundancy filter. Each assembly is subjected to Rosetta's all-atom refinement algorithm "relax" with restraints to the starting coordinates. Extra rotamers are generated for the first and second chi angles and the input side-chain is added to the rotamer set. Five models are generated with the talaris2013 scoring function and the best model by total score separated into two-chain files. Each two-chain complex is subjected to computational alanine scanning through RosettaScripts, where the ΔΔG of a point mutation is evaluated as (Emut, complex -Emut, separated) -(Ewt, complex -Ewt, separated) and where the mutated and separated structures are repacked in an 8A radius around the mutated residue. Twenty repetitions are averaged to obtain ideal convergence. Secondary structure is assigned for each complex using the dssp executable distributed by the Center for Molecular and Biomolecular Informatics. The results are parsed to identify helices four or more residues long containing two or more hot spot residues; in addition to generating SQL to populate a database table (accessible at http://www.nyu.edu/projects/arora/ppidb), it generates a tab-separated data table for further parsing.
Helical dimer data set curation
We wrote a Python script to parse the HippDB data set. This script first filters out any protein complexes containing only one helix. Subsequently, it identifies all the helices in a given protein complex with total ΔΔG ≥ 6.0 R.E.U. For each such pair of helices, it measures the distance and angle between the helical axes. If the distance is less than 17Δ and the angle is within 30° of parallel or antiparallel, it computes the percentage of protein residues present at the protein-protein interface and the percentage of complex ΔΔG contributed by the helical interface in question.
A heuristic inter-helix distance is computed by finding the nearest residue on chain B to each residue on chain A by Cα-Cα distance (and vice-versa). The largest of these "nearest residue distances" is then assigned as the inter-helix distance. Similarly, the angle between the helix axes is approximated as the angle between the first-to-last Cα-to-Cα vectors for each helix.
Upon finding a compatible pair of helices, the script records essential data about the helices in question: the total ΔΔG and ΔSASA, the start and end residue, the sequence, the distance and angle, the hot spot residues, and so forth.
Interpreting the metric of "percent complex ΔΔG" for inhibitor design
Up to the approximation that we are relying on an approximately fixed backbone and that multiple alanine point mutants would combine linearly, the summed ΔΔG is the difference between the native interaction energy and the interaction energy for a complex whose interface is entirely mutated to alanine. The interaction energy for such an all-alanine interface is a useful baseline for both inhibitor design and structural characterization because it is featureless and not amenable to any form of sequence-specific mimicry.
Furthermore, the interaction energy for such an all-alanine interface is typically zero, and thus the summed ΔΔG approximately equals the native interaction energy, except in specific cases, such as where the interface makes multiple sequence-independent (e.g. backbone mediated) hydrogen bonds. This is obviously uncommon in helix-dominated interfaces.
We find this metric to be a concise summary statistic for constructing interaction inhibitors, as it may be interpreted as the ΔΔG-weighted proportion of key residues for this interaction that are found on this helical dimer.
SOCKET analysis
We built the SOCKET program, using make, from source downloaded from the Woolfson group web site. We created PDB structures containing the residues from each helical dimer, as well as two residues flanking the Nand C-termini of each helix to eliminate any possible terminal effects in DSSP assignments. We ran SOCKET with command lines like socket3.03/socket -f 4MP4_A.pdb -s 4MP4_A.dssp -o 4MP4_A.out thus using the default packing radius of 7.0Å. Examining Case 1, we observed only 24 dimers classified as coiled coils-fewer than 10% of the category. (An additional 17 examples were not classified as coiled coils, but one mutual knob/hole interaction was identified). Increasing the packing radius to even 8.0Å only identified an additional 12 dimers as coiled coils.
In the original SOCKET paper, nine classical coiled-coil structures are contrasted to seven control structures. The former group all possess multiple complete layers of knob residues, identified at packing radii of 6.8Å or less, while the latter group possess only non-complementary interactions.
